The present study aimed to investigate whether people can selectively use salience information in search for a target. Observers were presented with a display consisting of multiple homogeneously oriented background lines and two orientation singletons. The orientation singletons differed in salience, where salience was defined by their orientation contrast relative to the background lines. Observers had the task to make a speeded eye movement towards a target, which was either the most or the least salient element of the two orientation singletons. The specific orientation of the target was either constant or variable over a block of trials such that observers had varying knowledge concerning the target identity. The results demonstrated that instruction -whether people were instructed to move to the most or the least salient item -only minimally affected the results. Short-latency eye movements were completely salience driven; here it did not matter whether people were searching for the most or least salient element. Long-latency eye movements were marginally affected by instruction, in particular when observers knew the target identity. These results suggest that even though people use salience information in oculomotor selection, they cannot use this information in a goal-driven manner. The results are discussed in terms of current models on visual selection.
Introduction
Where do you look at when you open your eyes in the morning? Do you first move your eyes to the most conspicuous object in your bedroom every single morning? Or do you ignore distracting information and move your eyes straight towards the alarm clock to inspect whether or not you are able to stay in bed for a few more minutes?
Both possibilities are conceivable thinking about the ways people select visual information. On the one hand, visual selection can be stimulus driven completely determined by the stimulus properties in the visual field. On the other hand visual selection can be goal driven in line with the intentions of the observer. In the former case, selection is assumed to be involuntary biased towards stimulus properties that are visually salient, i.e., defined by a high local feature contrast (Nothdurft, 2002; Theeuwes, 1991 Theeuwes, , 1992 Theeuwes, , 1994 Theeuwes et al., 1998; Yantis & Jonides, 1984 , whereas in the latter case selection is voluntarily driven towards those stimulus properties that are relevant in the sense that they are in line with the goals and intentions of an observer (Folk & Remington, 1998; Folk, Remington, & Johnston, 1992; Folk, Remington, & Wright, 1994) .
Even though, both stimulus-and goal-driven control play a role in visual selection, the question as to which type of control prevails has been far from answered. Many studies have investigated the extent to which goal-driven factors can override salience-driven effects. On the one hand, the results of various studies advocate a bottom-up view of visual selection stating that salient events in the visual field inevitably attract the eyes and cannot be overridden by goal-driven control (Mulckhuyse, van Zoest, & Theeuwes, 2008; Theeuwes et al., 1998 Theeuwes et al., , 1999 . For instance, Theeuwes et al. (1998) required observers to make an eye movement to an uniquely colored object presented simultaneously with a salient task-irrelevant onset. The results demonstrated that eye movements were frequently erroneously directed towards the salient onset before they were redirected towards the target. These results indeed show that people cannot prevent oculomotor capture by a salient event in the visual field, even when they intentionally try to ignore the irrelevant information. On the other hand, there are also findings supporting a topdown view on visual selection arguing that oculomotor selection is in fact contingent upon the goal settings of an observer (Al-Aidroos & Pratt, 2010; Ludwig, Ranson, & Gilchrist, 2008; Wu & Remington, 2003) . For instance, Wu and Remington (2003) assessed the extent to which oculomotor capture was under voluntary control and found that if observers were encouraged to use a feature-detection mode (Bacon & Egeth, 1994) , oculomotor capture was greatly reduced relative to a condition in which observers used a singleton 0042-6989/$ -see front matter Ó 2011 Elsevier Ltd. All rights reserved. doi:10.1016/j.visres.2011.08.013 detection mode. These results point to the idea that oculomotor capture is predominantly contingent upon the goal settings of an observer. In this case, stimulus-driven capture occurs but is contingent upon the behavioral goals of the observer (e.g., Bacon & Egeth, 1994; Folk, Remington, & Johnston, 1992) .
One major difficulty in interpreting the difference in results between studies advocating a bottom-up view and those pointing to a dominant role for top-down control concerns the fact that temporal variations in behavior are often disregarded. Conclusions are often based on averaged accuracy measures, ignoring possible variations in accuracy that may occur in time. There are several studies suggesting that the extent to which visual selection is under top-down control critically depends on the timing of behavior (Dombrowe, Olivers, & Donk, 2010; Donk & Soesman, 2010 Hunt, von Mühlenen, & Kingstone, 2007; van Zoest, Donk, & Theeuwes, 2004) . For instance, Hunt, von Mühlenen, and Kingstone (2007) investigated the time course of eye movements and manual localization responses to targets in the presence of onset distractors. Their results demonstrated that both eye movements and manual responses were often incorrectly directed towards the irrelevant onset distractor. However, this only occurred when response latencies were short. When response latencies were long, observers were well able to ignore the irrelevant distractor. van Zoest, Donk, and Theeuwes (2004) required observers to make a speeded eye movement to a line tilted 45°towards the right or left which was presented simultaneously with multiple vertically oriented background lines and one distractor line which could be less salient (with a tilt of 22.5°relative to a vertical line), equally salient (with a tilt of 45°relative to a vertical line), or more salient (67.5°relative to a vertical line). Their results also demonstrated that the extent to which goal-driven processes played a role in oculomotor selection was critically dependent on the saccade latency: when the saccade latency was short, oculomotor selection was salience driven whereas when the response latency was long, selection was no longer salience driven but primarily dependent on the goal settings of the observer. Together these results suggest that the extent to which people are able to exert top-down control varies as a function of time. Responses emitted immediately after the presentation of a display appear to be completely stimulus driven, whereas long-latency responses are directed in line with the task instructions. In other words, the quality of information changes over time and this depends in part on the to-be-processed information (de Vries et al., 2011; Hunt, von Mühlenen, & Kingstone, 2007; van Zoest, Hunt, & Kingstone, 2010) . With time, visual representations become more complex thereby increasing the need for top-down control to resolve the competition between information. The question of the present study is to what extent the later voluntary top-down processes are able to strategically tap into the processes that drive selection early on. That is, to what extent are early and late processing truly independent or not.
In the studies discussed above, stimulus salience typically plays a passive role in determining visual selection. The potential effects of stimulus salience are yoked to evidence for stimulus-driven control, in such a way that stimulus salience resolves competition automatically or not. For example, finding an effect of stimulus salience suggests that stimulus-driven control influences performance; finding no effect of stimulus saliency implies that observers are able to use goal-driven mechanisms to successfully ignore the irrelevant salient information. One possibility that has not received much attention in this discussion is the idea that stimulus salience may be more actively exploited to benefit human performance. In other words, goal-driven control may actively and voluntary use information regarding stimulus salience to guide selection. More specifically, it may be the case that observers benefit from knowing that the target they are searching for is the most salient element in the display. Thus, the question here is if people can voluntarily choose to use salience information in visual search.
The present study consists of two parts. In the first part, guidance of salience is investigated in a modified visual search experiment measuring saccadic performance. In the second part, a formal model and its alternative are introduced and are fitted to the individual data sets. The motivation for testing these formal models is driven by the limitation in the vincentizing procedure that is typically used to look at temporal variations in oculomotor performance (e.g., Hunt, von Mühlenen, & Kingstone, 2007; van Zoest, Donk, & Theeuwes, 2004) . In these studies, the proportions of correct responses are calculated separately for different bins of the individual saccade-latency distributions and subsequently averaged over subjects. One shortcoming of such an approach is that the averaged curves may delude the true variations in the relationship between saccade latency and accuracy. That is, individual subjects may show different relationships between the saccade latency and the proportions of correct responses due to individual variations in the saccadic latency distribution. Averaging bins over subjects may subsequently mask the true relationship and limit the validity of the inferences. By fitting formal models to the individual participant data, one takes into account between-subject variation, making it easier to draw conclusions regarding the two alternative theoretical viewpoints that the models represent.
Experiment
Observers were presented with displays containing two different orientation singletons, one being more salient than the other, among multiple homogeneously oriented background lines. Observers had the task to make a speeded saccade towards either the most salient singleton in one session and move to the least salient singleton in another session. The specific orientation of the singletons presented could be the same over a block of trials or have one of two orientations, providing observers with varying knowledge concerning the exact target identity. Depending on whether people are able to use salience information in a goal-driven manner, we expect to find differences as a function of whether people are searching for the most or the least salient element in the display.
If people are unable to use salience information in a goal-driven manner, it should not matter whether people are instructed to search for the most or least salient item; people will saccade to the same singleton in both instruction conditions. Bottom-up models assume that salience-driven processes cannot be prevented to play a role in visual selection unless people have prior information concerning the location of a target (Theeuwes, 1991) . Consequently, observers are predicted to select the most salient singleton as long as stimulus salience is represented, irrespective of instruction.
If people have control over the extent to which eye movements are stimulus driven, it is predicted that saccadic target selection varies as a function of instruction. That is, top-down models hypothesize that observers select a different target in the mostsalient singleton instruction condition than in the least-salient singleton instruction condition. Moreover, if the saccade target is constant across a block of trials, people might use feature information instead to select the target.
Methods

Subjects
Eight undergraduate students from the Vrije Universiteit Amsterdam participated in two sessions of 2 h each in exchange for money (28 Euro). Participants had normal or correct-to-normal vision and were naïve to the purpose of the study.
Apparatus
A Pentium II Dell computer with a 21 00 SVGA color monitor (Philips Brillance 201 P) controlled the timing of the events and generated the stimuli. Eye movements were recorded by means of an Eyelink tracker (SR Research Ltd.) with a 250 Hz temporal resolution and a 0.2°spatial resolution. The system uses an infrared video-based tracking technology to compute the pupil center and pupil size of both eyes. An infrared head motion tracking system tracked head motion. Display resolution was 1024 Â 768 pixels. All subjects were tested in a sound-attenuated, dimly-lit room with their heads resting on a chinrest. The monitor was located at eye level 75 cm from the chinrest.
Stimuli and task
Participants performed a visual search task in which they were instructed to make a speeded saccade to a target. There were two different instructions. In the most-salient instruction condition, observers were required to make a speeded eye movement towards the most salient singleton in the display. In the least-salient instruction condition, observers had to make a speeded eye movement towards the least salient singleton in the display. Instruction was varied over different sessions.
Search displays always consisted of multiple vertical line segments and two orientation singletons. There were two different singleton sets: singletons were either oriented +45°and À22.5°o
f arc relative to the vertical or +45°and À67.5°of arc relative to the vertical.
All elements were arranged in a 9 Â 13 rectangular matrix with a raster height of 15.9°of visual angle and width of 13.2°of visual angle. The orientation singletons could appear at six different locations. These six potential locations were placed on an imaginary circle in such a way that, both singletons were always presented at equal eccentricity from fixation (4.3°of visual angle). The circular angular distance between the two singletons was always 120°( see Fig. 1 ). Elements had an approximate height of 0.76°of visual angle and approximate width of 0.15°of visual angle. All stimuli were white (CIE x, y, coordinates of 0.288/0.316; 93.14 cd/m 2 ) and presented on a black background.
Design and procedure
A within-subject design was used. The two types of instructions (i.e., most-salient instruction condition and least-salient instruction conditions) were tested in separate sessions.
Each singleton set was presented either blocked or mixed resulting in three different blocks of trials per session, i.e., blocked singleton combination 45°/À22.5°, blocked singleton combination 45°/À67.5°, and mixed singleton combinations 45°/À22.5°and 45°/À67.5°. The order of block presentation was counterbalanced over participants. Fig. 2 depicts an overview of the targets in all possible combinations of singleton set, instruction, and block type.
To start a trial, participants pressed the spacebar on a standard computer keyboard. Trial sequence was as follows: a fixation point was presented for 1000 ms, followed by the stimulus array for 1500 ms. Participants were instructed to remain fixated until the search display appeared, at which point they were instructed to make a speeded saccade to the target. Participants were explicitly instructed to make a speeded eye movement and to maintain a high a level of accuracy in saccadic selection. After making an eye movement to the target, participants were instructed to remain fixated on the saccadic target until the search display disappeared. In this way we intended to prevent people from using the strategy to make multiple eye movements to find the target. To ensure that participants fully understood the task, both verbal and written instructions were provided. Participants were instructed that the most salient singleton was the orientation singleton whose orientation was most different from the surrounding nontargets; the least salient singleton being the element whose orientation contrast with the surrounding nontargets was smallest. In case of the mixed condition, the two potential targets that were considered most or least salient were pointed out to the participant. In case of the blocked condition, the participants were told exactly which orientation was considered the most or the least salient singleton.
Each block of the blocked singleton combination was composed of 180 trials, and participants completed 12 practice trials before beginning of each blocks. Each block of the mixed singletons condition consisted of two parts of 180 trials and 24 practice trials before the beginning of each block. A short break was provided every 180 trials, and participants were required to take a 15 min break between blocks. Feedback concerning saccade latency was provided every 30 trials. Calibration of the eye tracking equipment was conducted prior to recording.
Results
In 9.20% of all trials the initial saccade latency was below 80 ms. In 1.34% of all trials the saccade latency was above 600 ms. These trials were excluded from further analyses. For the remaining trials, the initial saccade was assigned to be directed towards the target or the distractor if the endpoint of the initial saccade was within 3°of visual angle of the particular singleton position. On 3.50% of all trials the initial saccades was neither directed to one nor the other singleton. These trials were also excluded from further analyses resulting in a total loss of 14.04% of all trials. Fig. 3 depicts the proportions of correct saccades (i.e., saccades directed towards the target) and the mean saccade latencies as a function of Block Type, Instruction and Singleton Set. An Analysis of Variance (ANOVA) on the mean saccade latencies with the variables Block type (mixed and blocked), Instruction (most-salient instruction condition and least-salient instruction condition), and Singleton Set (45°/À22.5°and 45°/À67.5°), did not show any significant results. The average saccade latency was 218 ms. An ANO-VA on the mean proportions of correct responses with the variables Block type (mixed and blocked), Instruction (most-salient instruction condition and least-salient instruction condition), and Singleton Set (45°/À22.5°and 45°/À67.5°) showed that people were more accurate in blocked than in mixed trials (F(1, 7) = 8.819, g 2 p ¼ :898, p < .021). The proportion of correct responses was 0.53 in the blocked conditions and 0.51 in the mixed conditions. People were more accurate to correctly saccade to the target when they were instructed to make a saccade to the most salient singleton compared to the least salient singleton (F(1, 7) = 33.096, g 2 p ¼ :971, p < .001). Finally, the effect of Instruction was larger for the 45°/À22.5°singleton set than for the 45°/À67.5°singleton set (F(1, 7) = 19.362, g 2 p ¼ :951, p < .003). There were no other interaction effects.
Means of proportion correct and saccadic latency
To closer examine how Instruction and Block Type affected performance, a separate ANOVA was performed on the mean proportions of eye movements towards the most salient singleton in the display with the variables Singleton Set (45°/À22.5°and 45°/ À67.5°), Instruction (most-salient instruction condition and leastsalient instruction condition), and Block type (mixed and blocked). Note that these proportions are identical to the proportions of correct responses in the most-salient instruction conditions and Fig. 3 . The proportions of correct saccades (i.e., saccades directed towards the target) and the mean saccadic latencies per condition, matching those of Fig. 2 . The upper number in each box represents the proportion correct, the lower number saccade latency.
to 1 -the proportions of correct responses in the least-salient instruction conditions. The results demonstrate that participants more often made an eye movements towards the most salient singleton in the display in the 45°/À22.5°singleton set condition than in the 45°/À67.5°singleton set condition (F(1, 7) = 19.362, g 2 p ¼ :951, p < .003). Moreover, the effect of Instruction was larger in blocked than in mixed trials, F(1, 7) = 8.819, g 2 p ¼ :898, p < .021). There were no other significant effects.
Time course of performance
To further investigate how the contribution of salience-driven processes varies in time, mean saccade latencies and proportions of correct saccades (i.e., saccades directed towards the target) were calculated separately for each of five bins of the individual saccade latency distributions. Fig. 4 shows the relationship between proportion correct and saccade latency separately for each bin in each condition.
An omnibus ANOVA with Block type (mixed and blocked), Instruction (most-salient instruction condition and least-salient instruction condition), Singleton Set (45°/À22.5°and 45°/À67.5°) and Bin (5) was performed with as dependent variable the proportion of correct eye movements to the target.
A comparison of the data between the mixed (Fig. 4A ) and blocked (Fig. 4B) condition shows that the pattern of results looked remarkably similar; this was supported by the absence of a significant four-way interaction, F(4, 28) < 1. Apart from the main effects and interaction effect described above, there was also a main effect of Bin, F(4, 28) = 4.014, g To further examine how Instruction, Block Type, Singleton Set, and Bin affected performance, a separate ANOVA was performed on the mean proportions of eye movements towards the most salient singleton in the display. Apart from the main effect and interaction effect reported above, there was a significant effect of Bin, 
Discussion
The results show that target selection can be determined by salience-driven processes. However, salience-driven processes cannot be used in a top-down manner. People do not substantially profit from knowledge concerning target salience. Instead, people tend to select the most salient singleton in the display irrespective of whether they are instructed to select the most or the least salient singleton. Knowing the identity of the target contributes to better search performance, however, the effect of block type was very marginal: people correctly selected the target in 51% of all trials in the mixed conditions and in 53% of all trials in the blocked conditions.
Inspection of the binned results shows that people initially tend to make an eye movement towards the most salient element, irrespective of the instructions and irrespective of knowledge concerning the target identity. With increasing saccade latency people become more accurate in correctly selecting the target, however, performance does not reach its maximum, which is in line with the findings of previous studies using similar types of displays (e.g., van Zoest & Donk, 2005 van Zoest, Donk, & Theeuwes, 2004) .
These results suggest that people are unable to use salience information in a goal-driven manner. Two formal models were designed to test this claim computationally.
Two formal models
To compare the alternative theoretical notions of visual search, we constructed two alternative multinomial models (Batchelder & Riefer, 1986 , one assuming that people do not have any topdown control over the extent to which salience-driven processes affect oculomotor selection (bottom-up model) and the other assuming that people have full control over the extent to which salience-driven processes affect selection (top-down model). According to a bottom-up model, the probability on a correct response is solely a function of S (a/b) (t) corresponding to the probability that an observer is biased towards the most salient element in a display with the singletons a and b on the basis of stimulus-driven processes at time t. According to a top-down model, the probability on a correct response is in addition determined by G (i;a/b) (t) corresponding to the probability that an observer is biased towards the target in a display with the singletons a and b and the instruction i on the basis of goal-driven processes at time t. Fig. 5 delineates eight tree diagrams per model depicting all possible theoretical states and how they lead to correct and incorrect eye movements. Note that both S (a/b) (t) and G (i;a/b) (t) are assumed to be different in dependency of the specific singleton set presented in the display. G (i;a/b) (t) varies in addition in dependency of instruction. On the basis of these tree diagrams the expected proportion of a certain response (i.e., CR for Correct Response and FR for False Response) is given by the sum of the paths corresponding to that response category. For example, in the mixed most-salient instruction condition with the singleton combination 45°/À22.5°, the predicted probability on a correct response at time t is given by pCRðtÞ ¼ S ð45 =À22:5 Þ ðtÞ þ 0:5ð1 À S ð45 =À22:5 Þ ðtÞÞ ¼ 0:5 þ 0:5S ð45 =À22:5 Þ ðtÞ in which S (45°/À22.5°) (t) corresponds to the probability that an observer is biased towards the most salient element in the display with the singleton combination 45°/À22.5°at time t. Both a model assuming no control (bottom-up model) and a model assuming full control (top-down model) predict the same proportion of correct responses in this condition, i.e., both models predict the proportion of correct responses to be a sole function of the probability that an observer is biased towards the most salient element in this display.
In the mixed least-salient instruction condition with the singleton combination 45°/À22.5°, the predicted probability on a correct response at time t differs between a bottom-up and a top-down model. According to a bottom-up model, people cannot control the extent to which performance is affected by stimulus-driven processes. As a result, the probability on a correct response at time t is given by pCRðtÞ ¼ 0:5ð1 À S ð45 =À22:5 Þ ðtÞÞ ¼ 0:5 À 0:5S ð45 =À22:5 Þ ðtÞ Accordingly, the model predicts performance to be below chance level as long as an observer is biased towards the most salient singleton on the basis of salience-driven processes. In contrast, a top-down model assumes that people have influence on whether or not stimulus-driven processes play a role. If people can freely determine whether or not they use stimulus-driven processes in oculomotor selection, they should refrain from using it in the mixed least-salient instruction conditions because stimulus-driven processes would always lead the eyes to the wrong singleton. Accordingly, a top-down model predicts oculomotor selection to be independent of salience-driven processes:
Finally, in the blocked conditions, the predictions of the two models further differentiate. A pure bottom-up model assumes saccadic target selection to be a sole function of salience-driven processes, whereas a top-down model predicts that people might in addition rely on feature-driven processes to select the target. For instance, in the blocked least-salient instruction condition with the singleton combination 45°/À22.5°, a bottom-up model predicts performance to be stimulus driven: in which G (l;45°/À22.5°) (t) corresponds to the probability that an observer is biased towards the least-salient singleton (i.e., the target À22.5°) in the least-salient singleton instruction condition in the display with the singletons 45°and À22.5°on the basis of goal-driven processes at time t.
Temporal variations in performance
There have been various approaches to model the contributions of stimulus-driven and goal-driven processes in visual search (e.g. Hwang, Higgins, & Pomplun, 2009; Navalpakkam & Itti, 2005; Zelinsky, 2008) . However, these approaches do generally not take into account the idea that stimulus-driven and goal-driven contributions are subject to temporal variations (Nakayama & Mackeben, 1989) . In the present study we developed alternative models taking into account possible temporal variations in salience-driven and goal-driven processes.
There are multiple studies demonstrating that the influence of stimulus-driven processes on visual selection tends to be transient (e.g., Nakayama & Mackeben, 1989 ). In our model, stimulus-driven processes are assumed to be transient and their influence on oculomotor selection is described by a decreasing function of time since the presentation of a display: . Each tree diagram depicts the outcome on every trial as a function of the product of the probability that an observer is biased towards the most salient element in a display on the basis of salience-driven processes and the probability that an observer is biased towards the target on the basis of goal-driven processes. S (45°/À22.5°) (t) corresponds to the probability that an observer is biased towards the most salient element in a display with the singletons 45°and À22.5°on the basis of stimulus-driven processes at time t; S (45°/À67.5°) (t) corresponds to the probability that an observer is biased towards the most salient element in a display with the singletons 45°and À67.5°on the basis of stimulus-driven processes at time t; G (m;45°/À22.5°) (t) corresponds to the probability that an observer is biased towards the target in a display with the singletons 45°and À22.5°and with the instruction to search for the most salient singleton (m) in the display on the basis of goal-driven processes at time t; G (l;45°/À22.5°) (t) corresponds to the probability that an observer is biased towards the target in a display with the singletons 45°and À22.5°and with the instruction to search for the least salient singleton (l) in the display on the basis of goal-driven processes at time t; G (m;45°/À67.5°) (t) corresponds to the probability that an observer is biased towards the target in a display with the singletons 45°and À67.5°and with the instruction to search for the most salient singleton (m) in the display on the basis of goal-driven processes at time t; G (l;45°/À67.5°) (t) corresponds to the probability that an observer is biased towards the target in a display with the singletons 45°and À67.5°and with the instruction to search for the least salient singleton (l) in the display on the basis of goal-driven processes at time t; CR = correct response; FR = false response. in which S (a/b) (t) corresponds to the probability that an observer is biased towards the most salient element in a display with the singletons a and b on the basis of stimulus-driven processes at time t; k S(a/b) is a rate parameter indicated the rate with which the stimulus-driven bias decreases; and t S(a/b) (0) corresponds to the time since the presentation of the display at which the stimulus-driven bias starts to decrease.
The influence of goal-driven processes on visual selection is assumed to be an increasing function of time since the presentation of a display: G ði;a=bÞ ðtÞ ¼ 1 À e Àk Gði;a=bÞ ðtÀt Gði;a=bÞ ð0ÞÞ in which G (i;a/b) (t) corresponds to the probability that an observer is biased towards the target in a display with the singletons a and b and the Instruction i on the basis of goal-driven processes at time t; k G(i;a/b) is a rate parameter indicated the rate with which the goal-driven bias increases; and t G(i;a/b) (0) corresponds to the time since the presentation of the display at which the goal-driven bias starts to increase.
Model fits
To analyze the results, the bottom-up and the top-down model were separately fit to the individual binned data patterns of all eight conditions as depicted in Fig. 5 . That is, estimates were obtained of S (a/b) (t) and G (i;a/b) (t) separately for each condition based on the individual relationships between proportion correct and saccade latency. For both models, maximum-likelihood estimates were obtained via an iterative search procedure (Hu & Batchelder, 1994) . The maximum-likelihood estimates are those parameter values that minimize Àln(E) in which the likelihood E is given by
in which n j corresponds to the total number of trials with a valid eye movement in condition j, s j corresponds to the number of trials in which the eyes correctly selected the target in that condition, and p j corresponds to the probability of correctly moving the eyes to the target in that condition given the model. Both models were separately fit to the individual data. The Akaike Information Criterion (AIC) was used to compare the goodness of fit of the alternative models (Akaike, 1974) .
in which v corresponds to the number of free parameters. The best model is the model with the smallest AIC value. Table 1 presents the individual overall performance measures (saccadic latency and proportion correct), the maximum-likelihood estimates of the free parameters of the bottom-up model, the top-down model, a top-down model assuming G (m;45°/À22.5°) (t) = G (l;45°/À22.5°) (t) = G (m;45°/À67.5°) (t) = G (l;45°/À67.5°) (t) = G(t) and the corresponding AIC values.
1 The bottom-up model provided the best fit for seven out of eight participants. In general, the data were better described by a bottom-up model when the individual average saccadic latency was small: there was a significant correlation between individual 
General discussion
The aim of the present study was to investigate whether people are able to control the extent to which salience plays a role in saccadic target selection. Guidance of salience was investigated in a modified visual search experiment measuring saccadic performance. Participants were asked to make a speeded eye movement towards either the most or the least salient singleton. The averaged results in the first part demonstrated that people were basically unable to control the extent to which saccadic selection was salience driven. Short-latency eye movements were unaffected by instruction and primarily directed towards the most salient singleton in the display. Long-latency saccades were not specifically directed towards the most salient singleton in the display but neither primarily determined by instruction. The conclusions derived from the averaged results were substantiated by analyses of the individual data patterns in the second part. To examine the extent to which overt visual selection is better described by a bottom-up model or a top-down model, two formal multinomial models were developed corresponding to the alternative theoretical views. The alternative models were separately fit to the individual binned data patterns. The theoretical analyses revealed that the bottom-up model provided the best fit for seven out of eight observers. The average saccade latency of these participants was 210 ms. For Participant 5 the top-down model provided a better fit of the data than the bottom-up model. The average saccade latency of Participant 5 was 267 ms which was well beyond the average saccade latency of the other observers. The correlations between de average individual saccadic latencies and the AIC values derived from the bottom-up model fits revealed that there was a significant relationship between the response latencies and the goodness-of-fit of the bottom model. This shows that the faster observers were in emitting their responses, the better selection behavior was described by a bottom-up model.
Together the results demonstrate that people cannot freely determine whether or not they use salience information in controlling their eye movements. More specifically, the results showed some effects of Instruction but only when observers knew the target identity (i.e., in the blocked trial conditions) and when saccade latencies were long. This suggests that goal-driven guidance can only be based on identity information. Salience information cannot be used to guide goal-driven selection.
The present results are much in line with those previously reported by Hunt, von Mühlenen, and Kingstone (2007) who also found that short-latency response were salience driven whereas long-latency responses were not (see also van Zoest & Donk, 2005 van Zoest, Donk, & Theeuwes, 2004) . The present results show in addition that this pattern of results cannot be changed when observers possess information concerning target salience. In fact, visual selection performance in the least-salient instruction condition was remarkably similar to that in the most-salient instruction condition, showing that people are in essence incapable to exert goal-driven control on the basis of salience information.
There are multiple studies demonstrating that people have control over the extent to which salience-driven processes affect visual selection (Betz et al., 2010; Chen & Zelinsky, 2006; Einhäuser, Spain, & Perona, 2008; Foulsham & Underwood, 2007; Ludwig & Gilchrist, 2002 Neider & Zelinsky, 2006; Wu & Remington, 2003) . For instance, Ludwig and Gilchrist (2002) had observers search for a no-onset color target among three distractors. On two thirds of the trials, an additional distractor was presented which could appear with or without abrupt onset and which could be similar or dissimilar to the target. Observers had to respond manually or with an eye movement. The results demonstrated a substantial amount of capture for both the manual and the oculomotor responses which is in line with the present study. However, the results also indicated that the amount of capture was strongly modulated by goal-driven factors. Eye movements were, for example, more often erroneously directed towards a similar onset distractor than towards a dissimilar onset distractor. These results suggest that overt visual selection is at least partly under voluntary top-down control, which seems to be inconsistent with the present results (see also Ludwig & Gilchrist, 2003) . Critically, in Ludwig and Gilchrist (2002) observers searched for a specific target identity and not for a specific salience value like in the present study. Moreover, information concerning the target identity might have been more instantly available due to the use of low-density displays (4-5 items). Finally, even though Gilchrist (2002, 2003) did find saccadic target selection to be under goal-driven control, their results also indicated that the prevalence of goal-driven control strongly depended on response latency. For instance, the latencies of erroneous saccades towards similar onset distractors were generally about 70 ms faster than those correctly directed towards the target. These results suggest that when people are able to rely on information concerning identity, goal-driven selection may occur and may even prevent the eyes from being captured by an irrelevant distractor. However, the influence of goal-driven processes on saccadic target selection is limited to long-latency responses. Our results show, that irrespective of latency, goal-driven guidance cannot be based on salience information.
From a theoretical point of view, the present results are in line with a bottom-up account of visual selection (e.g., Itti & Koch, 2000 , 2001 Theeuwes, 1991 Theeuwes, , 1992 . According to a bottom-up view visual selection is primarily determined by the stimulus properties in the visual field. As a result, salient objects will be prioritized in selection over less salient objects. The results presented here fit this idea: observers prioritized the selection of the most salient singleton in the display, irrespective of instruction. To account for salience-driven effects, most models have postulated the concept of a master map of locations or salience map, a topographical representation of the relative distinctiveness of objects in the visual field (Itti & Koch, 2000 , 2001 Koch & Ullman, 1985; Treisman & Gelade, 1980; Wolfe, Cave, & Franzel, 1989) . Visual selection is assumed to be guided by the distribution of activity in this salience map in such a way that at each moment in time visual selection is biased towards that location in space that possesses the greatest activity in the salience map (Itti & Koch, 2000 , 2001 . Different accounts have been put forward for how the salience map arises. Various authors have postulated that the salience map is produced by the summed output of separate feature maps (e.g., corresponding to red or vertical). The salience map is accordingly perceived as a ''higher'' brain structure, like the lateral intraparietal area (Gottlieb, Kusunoki, & Goldberg, 1998) and the frontal eye fields (Schall & Thompson, 1999) receiving inputs from various ''lower'' brain areas, including those concerned with feature extraction. Alternatively, it has been proposed that the salience map arises immediately at the level of V1 (Li, 2002; see also: Jingling & Zhaoping, 2008; Koene & Zhaoping, 2007; Zhaoping, 2008; Zhaoping & Guyader, 2007; Zhaoping, Guyader, & Lewis, 2009; Zhaoping & May, 2007) . According to the V1 model of salience proposed by Li (2002) , there is no need to postulate the existence of a separate satellite structure to account for salience effects. Instead, the neuronal responses in V1 can already create a salience map that biases selection towards salient locations in space. The results of the present study are much in line with this latter account. Our results show that the effects of salience are transient. It is plausible that the transience of salience effects directly results from the differences in response latencies of individual neurons in V1 in response to the presentation of a visual scene (Celebrini et al., 1993; Gawne, Kjaer, & Richmond, 1996) .
A top-down account assumes selection to depend on the attentional control settings of an observer (Bacon & Egeth, 1994; Folk, Remington, & Johnston, 1992) . This implies that if observers have knowledge concerning a target, they should not be distracted by singletons that are irrelevant to task performance. Our results show substantial distraction, suggesting that people did not have much influence on selection behavior. However, observers in our study were instructed to saccade to either the most or the least salient singleton in the display. It is quite well possible that this type of instruction does not allow observers to employ a top-down set preventing distraction from an irrelevant singleton. Indeed, Bacon and Egeth (1994) proposed that observers might be involved in one of two possible search modes. In a singleton-detection mode people rely on a mode of processing in which salient visual stimuli are prioritized over non-salient ones. In a feature-search mode people monitor a specific feature map for the presence of a relevant feature. When a target feature is unknown, according to Bacon and Egeth, observers have to rely (by default) on a singleton-detection mode. It is quite well possible that even though observers did have foreknowledge concerning the relevant target feature in the blocked-trial conditions, they were unable to use this knowledge due to the explicit instruction to search for either the most or the least salient singleton in the display. Alternatively, it might have been that the goal-driven identity-based processes were just not available fast enough to play a substantial role in the present study. Indeed, the results of our previous studies (e.g., van Zoest & Donk, 2005 van Zoest, Donk, & Theeuwes, 2004 ) also showed that if observers search for a specific target identity, goal-driven processes play no or only a subordinate role in the control of saccadic target selection. This seems to be especially the case when target and distractor have to be discriminated on the basis of orientation. Previous studies have shown that when target and distractors are defined in the orientation dimension, it takes about 400 ms before accuracy in saccadic targeting reaches about a 75% correct (van Zoest & Donk, 2006) . In contrast, if a target is defined by color, this level can be reached much earlier in time at 200 ms . These findings suggests that some features are processed faster than other features, influencing the time course of selection (see also: de Vries et al., 2011) .
Importantly, the present study aimed to investigate whether observers could use (or refrain from using) salience information in a goal-driven manner. Despite the early availability of salience information, later top-down processes were unable to rely on this information. These results suggests that the later processing occurs independently of the early processing. People are not able to exert control in overt visual selection when instructed to select an element on the basis of salience. This shows that salience-driven selection cannot be determined by free will.
